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© Calibration system and method for color image scanning. 



© A system and method for calibrating signals 
provided by individual cells in a photcdetector array 
scanned by light originating at a low-cost variable 
light source and reflected from a subject to be 
replicated in digital form by processing photodetec- 
tor cell signals in a manner so that individual cell 
signals are corrected to compensate for fluctuations 
in source light. The system and method is particu- 
larly applicable to a color balanced photodetector 
array in which individual photodetectors are arranged 
in sets with each set having a variable number of 
rows oriented in a direction transverse to the direc- 
tion of scan and columns parallel to the direction of 
scan. The invention is practiced by exposing the first 



few photodetectors in each row to the full spectrum 
of visible light reflected from a white reference 
patch. During processing, as the photodetector sig- 
nals are sequentially transferred, to a processor, the 
signals provided by the cells exposed to the white 
reference are compared with a fixed value to obtain 
a calibration factor. As the signals develop by cells 
in the same set but as a result of exposure to light 
reflected from the subject image, those signals are 
multiplied by the calibration factor so that the pro^ 
cess signals are corrected for variations in source 
light on a real time basis. 
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CALIBRATION SYSTEM AND METHOD FOR COLOR IMAGE SCANNING 



BACKGROUND OF THE INVENTION 



This invention relates. to electronic image scan- 
ning and processing and, more particularly, to the 
calibration of photodetector output to compensate 
for intensity and color temperature variation in sub- 
ject illumination by a low-cost source of illumina- 
tion. 

European Patent Application Serial - c No. 
90.103573.3 discloses a color balanced imaging 
system in which plural (e.g. 3) sets of photodetecr 
tors are exposed to a light image .reflected from* a 
subject, which .may be represented by a ? color, 
photograph, for example, in a manner to achieve .a 
high resolution, accurate color rendition of the irr^ 
age in digital form. . The: photodetector sets are, 
exposed by scanning the subject Jmage with. white, 
light so that lights reflected:- from -a given picture-, 
element or "pixel" ,in the subject image will im- 
pinge- each individual photodetector located ; in Re- 
scanning path. Io^ this end, the photodetectors in 
each set are arranged in. adjacent rows transverse 
to the scanning pathland .in .columns parallel to that , 
path. Where thersabjecb:r.eflects .only light In ^he - 
visible spectrumreach set of the. photodetectors is* 
exposed through a. filter which could represent one ; 
• of the primary colors, that is, red (R), green (G), or : 
blue (B). Alternatively, the filters could represent, 
the complimentary colors.^ 

Color balance- in the system of the afore-men-. 
tioned co-pending application . is achieved by a 
combination of selecting the number of photodetec- 
tor rows in each set to correspond with the sen- 
sitivity of the photodetectors to the light in the R, G 
and B spectral regions and. by accumulating : the 
charge developed by photodetectors in each col- 
umn of each set so that the output signal for each 
subject image pixel is the composite output of the 
photodetector rows. For example, the photodetec- 
tors are most sensitive to red light and least- sen- 
sitive to blue light. Thus, the photodetector set 
.exposed through the red filter will have as few as 
six active rows of photodetectors where as the blue 
set will have as many as sixteen photodetector 
.rows. As light reflected from each image pixel 
scans or traverses the photodetectors in a column 
common to ail three sets, the R, G or B spectral 
components in the pixel develop a charge in each 
photodetector underlying a filter which passes a 
spectral component in the pixel. The photodetector 
charges are accumulated in each photodetector set 
in a manner such thateach successive photodetec- 
tor in a column receives the charge of a 
photodetector immediately preceding it in the con- 
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text of scanning direction and also adds its own 
charge to the accumulating charge. As a result of 
-the .accumulation of charges, each image pixel is 
represented by a well developed. photodetector sig- 
nal capable of being processed electronically to 
■-develop a -digital emulation of the subject image. 
Moreover, an exceedingly high ..measure of color 
balance-. is ; achieved simply by variation in the 
number of-photodetectors exposed to the respec- 

- tive R, G and B spectral components of each 
subject image pixel. - , 

.;; While -theiafore-mentipned scanning system re- 
f , . presents, a major,advance in the attainment of data 

- accurate,. with . respect Xo color balance, the overall 
: i,gua;lity- :; pf r d.ata obtained .by image scanning is de- 

■-- i. .pendent, -aiso-on i uniform intensity and color tem- 
vperature ; of jtha source of. the illumination reflected 
v:. from:: the,<subject image to/the photodetector sets, if 
.^;^.cr a j;lpw^ by line 

.•ji^ v^^vpjtege.^jfqr^^xample,, is used , as... the source of 
• 'jnag.e scanning illumination, t Xhe : intensity of light 

■ , i ; . r - reflected from ,the subject image to. the photodetec- 
' t - : , tor? will r vary with- normally Incurred line voltage 
- v .v~ variations ? incjud^ ripple asso- 

: _ciate^^ith c !i^e voltage. . Also,, the color temperature 
--of such-a-Jight 0 source is ; unstable particularly dur- 
ing the period immediately after the lamp is turned 
; 0 on: Quite obviously, the .signals generated by the 
; > photodetectors. exposed, to such.a'Jight source will 
■ ; vary wjtr^ :j the; ;i yQltage variation .induced intensity of 

- : the. -light, - and -.with;. color 0 Jternperature variation 
-where photodetector, signal strength . is predicated 
on response to aJimited spectrum of the reflected 
light. 

The problems associated with intensity and 
color temperature variation in. low-cost tight sources 
/for image scanning applications have been ad- 
dressed in: the prior art. For example, U.S. Patent 
: .No, 4,174,528 and .the prior art cited therein as 
background art teach -the use~of a white reference 
image or patch in the light path between the light 
source and a photodetector, array for the purpose 
of calibrating the output. ofahe array to compensate 
for variations in exposure light intensity and color 
temperature..* In many of . the prior art disclosures, 
the white reference patch is exposed to the 
photodetectors only at the beginning of an image 
scan. ,lt: is obvious that this approach to 
photodetector calibration is effective only in a very 
general way and would not account for cyclical 
variations in light intensity variations which occur 
during the scan of a single subject image. The 
disclosure of U.S.. Patent No. 4,174,528, on the 
other hand, approaches a scanner calibration pro- 
cedure by which photodetector calibration is ac- 
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complished on a line-by-line, basis. Specifically, a 
linear detector array provided for reading the docu- 
ment or subject image includes a detector in the 
path of light reflected from reference indicia and 
associated with an exposure meter circuit. When 
light reflected from a given line of image pixels is 
read by the photodetector array, the quantity of 
light read by the exposure meter associated detec- 
tor is integrated and stored in a manner to control 
the exposure of the image sensing photodetectors 
in* the- next line of pixels. This' -"system operates -in- 
the manner of an electronic shutter by which the 
time during which the detectors- are exposed to 
light reflected from the subject image is controlled 
by the exposure meter circuit*. * ■ 

From the standpoint of adapting the exposure- 
control arrangement -of the * r af6re-mentioned U.S. 
Patent No. 4,1 74.528 to 'the' system described with- 
reference' to the afbre-menti6ned : co-pending patent ■ 
'application in which the' charges developed by in- 
dividual rows "of photodetector c cells are accumu- 
lated to achieve' color-balance, ''several problems * 
°eirise. For 'example? :wheFe ? the -photodetector celt 
'charges are accumuiated-'in "successive rows," it is • 
essential that the rate^T (SfibtSdetector charge - 
transfer is identical tb ihe !s rafS : 6f"ffrtage pixel- scan. 
Although' if might be. possible fd : vary the rate of; r 
scan to 'accommodate a variabler exposure --time - 
interval for^eaWrBw &f ptfdtbd&t&'tors, -the costs of ■■' 
: Boirig so are lfkely i te ; tire? i tfre l afep-than the costs bf -a ' 
noh-varrable ; light source. - Also. ; 'ihe resolution re- 
q'uirements'fbr reproducing- a M subject image repre- 
sented by-a'coior'p^btbgraphVfor require'* 
a pnotbdetecto'r'tcefKdensitf ^f a "magnitude making 
'- it extremely difficult t6''aceom : rnod^te circuity asso- ' 
'ciated with electronic shutter operation. Finally, the 
attainment of : digital data capable of reproducing a-*, 
high resolution subject image, such as a color 
photograph-, -requires that photodetector cell cali- 
bration be accomplished on a real time basis, that 
is, so ' that the photodetector cells in each row. 
scanned by the subject image are calibrated on the 
basis of light to which they are actually exposed. ' 

In light of the' foregoing, it will be seen that 
there is a" need for an effective photodetector cali- 
bration system for the color balanced scanning 
technique of the type in which- photodetector output 
is the -result of the transfer and accumulation of 
successive cell charges. 



SUMMARY OF THE INVENTION 



In accordance with the present invention, a 
system is provided for calibrating the output of 
* image scanning photodetector cells to compensate 
for variations in light emanating from a low-cost 



light source, on a real time basis, and in a manner 
enabling the use of a sufficiently dense pattern of 
cells to obtain a high resolution digital replica of an 
image exemplified by a color photograph. Where 
s the image scanner employs an accumulating 
charge transfer arrangement of photodetector rows, 
the first few cells in each photodetector row are 
exposed to illumination reflected from a white refer- 
' ence patch in a manner so that any variation of 
w charge produced by those cells from an arbitrary 

■ normal value is used as a calibration factor for the 
image light scanned cells in the same row. 

The invention is practiced by serially transfer- 
ring the charge signals of each photodetector row 
rs* to a multiplying, processor. The signals resulting 
from exposure of the first few photodetector cells in 
a row to the white reference sample are multiplied 

■ .by 1 and the value compared with a constant 
reference value. The constant reference value is 

.20 - divided by the incoming white reference signal 
value to achieve. a. calibration factor. As the signals 
developed by photodetector cells in the same row 
but scanned by subject image pixels are fed to the 
processor, they are multiplied by the calibration 
25 factor to* correct * for exposure light-intensity vari- 
ations from that represented by the constant refer- 
: ence value. 

. ;.r : In a photodetector array which includes sets of 
. 1 "phdtodetector; rows' and transfer circuitry for accu- 
:^30 - : ' mulatihg the cell charges developed by the image ^ 
; . • illumination scan, the .provision- of;white reference ' 
patch reading cells . in. each row of a -set results .in 

• ■"• - an accumulation of white reference .charges cor- 
responding directly to the accumulated charges of 

* "as " ? image' pixel reading cells. When the set is exposed 
through a filter passing light '..of a 'limited spectral 
region, such as red, green or blue light, variations 
in illumination color temperature will be accounted 
for as variations in intensity at each row of 

40 photodetector cells.- Because the calibration for 
light, intensity variation is performed on the raw 
signal data transferred from the photodetectors and 
because all photodetector cells in each row, includ- 
ing cells reading image pixels and cells reading the 
45 < white reference patch, are exposed by the same 
line increments illumination, variations in that line 
increment of illumination caused by fluctuations at 
the* light source may be measured and corrected in 
real time f oh' each line of photodetectors scanned, 
so - A principal object of the present invention is, 
therefore, the provision of an improved calibration 
system and method by which the output of a 
photodetector array scanned by imaging illumina- 
tion originating in a low-cost and variable light 
55 source may be corrected in real time to obtain data 
■ " • . . quality commensurate with precisely uniform illu- 
mination . sources. Another object of the present 
invention is to provide such a calibration system 
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and method which enables .the use of a dense 
pattern of photodetectors consistent with providing 
digital data replicas of high resolution color pho- • 
tographs. Still another object of the present inven- 
tion is to provide a photodetector calibration sys- s ' 
tern and method suitable for use with color bal- 
anced image scanning photodetector sets in which 
each of multiple sets includes a variable number "of 
photodetectors depending on photodetector sen- * 
sitivity to differing spectral regions of light. Other *' : w 
objects and further scope of applicability of 'the* 
present invention will become "apparent from -the ' " ^ - 
detailed description ~ to follow taken in conjunction : - ' 
with the accompanying drawings in which like parts - ; 
are designated by like reference numerals. 75 



BRIEF DESCRIPTION OF THE DRAWINGS 
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Fig, 1 is a schematic side elevation of corhpo- " 
nents used in an image scanner with which the f 
present invention is particularly suited for use'; ' ' ! 
Fig. 2 is a'- schematic plan view of the optical r 
system employed in the apparatus of Fig, 1; - ' 
. Fig. 3 is a front elevation depicting the physical : 
arrangement or photodetector sets used in - the ! 
image scanning' device of Fig: '1 ; " " 

Fig. 4 is a fragmentary' schematic view depicting"' 
operation of 'the photodetector array employed 
by the present invention; ' ; ' 
Figs. 5A and 5B are block" diagrams represent- 
ing identical Components but in different states*-'' 
of. operation'. ~ '"" r ^ : : '- : ' '-• 

DETAILED DESCRIPTION OF THE PREFERRED - 
EMBODIMENT 



In Figs. '1 and 2 of the drawings, an image 40 
scanning apparatus is generally designated by the 
reference numeral 10 and shown to include compo-' ' *' 
nents substantially identical to those disclosed in 
the afore-mentioned co-pending U.S. patent ap- : 
plication Serial No. 328,314. While the system 10 "45 
is substantially fully disclosed in the afore-men- 
tioned co-pending application, the general organi- 
zation and operation of the system is worth repeat- 
ing here in the interest of a full understanding of 
the calibration system of the present invention. 50 

Thus, in Fig. 1, the scanning system 10 is 
shown to include a bed 12 on which a subject 14 is 
placed for engagement by a rotatable drum 16 * 
driven by a stepping motor 18. The subject 14 
passes between the periphery bf the drum 16 and 55 
a pair of pressure rollers 20 in a manner to attain a 
secure fractional engagement of the subject 1*4 be- 
tween the drum 16 and the rollers 20. A source of 



illumination, represented =by a tungsten halogen 
tube 22 1 positioned within a focusing reflector 24, 
develops a path of illumination from the bulb 22 to 
' the section of the drum periphery located between 
the pressure rollers 20 with the aid of a mirror 26 
and a "polarizer 28. Illumination reflected from the 
" same peripheral region of the drum 16 is folded by 
mirrors 30 and 32 and passed to a focusing lens 
34 through a second- polarizer.. 36. Illumination fo- 
'-cused by the-lens*34 is passed .to a photo detector 
:: array 38 to be described in more detail below. As 
" - depicted in block diagram form in Fig. 1, the sys- 
tem includes an -electronic timing idevice 40 such 
-as a clock generator which:. outputs to the stepper 
-motor 18 and to a driver 42 for the photodetector 
'array 38 td synchronize. operation of the motor and 
the 1 pholodetectbr array '38, in a" manner to be 
' described •*m , ' J mbre detail below. "Output from the 
" photodetector 'array 38 is digitized, by way of an 
analog* to 1 digital (A/D) converter 43 and then fed to 

- a' processor -44 and ultimately:- to a display 46, 
again in a : '-'mariner to be described in more detail 

- below.- ' ^ - - . . 

• u The '-folded' path of illumination from the bulb 
'• 22 :; t6-the^'pKotodetector array 38" is generally de- 

; ] piet'ed ;: in the 'plan view. of 'Fig.;2.of the drawings. 

tf?e illustrated- illumination path.represents a depar- 
i! ture from- the- illumination path 'of- the image scan- 
: ' ; »riing : *syst£'rtP drseiose'd 7 in- the.- afore-mentioned co- 

- pending^ application Jn thfat; r in" addition to light re- 
fleeted ' from • the image on the subject 14 as it 
passes over the "-drum 16, illumination is also re- 
flected -from' k" white reference' patch 48 which may 

be^' represented-: in practice ;by --a - stationary white 
patch of dimensions, corresponding to the width of 

• the illumination scan- at the periphery of the drum 
16 but located "on the -housing (not shown) which 
supports the' drum 16 for rotation. The white refer- 
ence patch 48 may take other physical forms such 
as a white band on the edge of the drum 16 
adjacent to the position 'of- the drum occupied by 
the : subject '14 or it may be represented by a white 
border along "one longitudinal edge of the subject 
14. Regardless of the specific physical form taken 
by the white reference patch. 14, it represents a 
reference patch' of white Jight by which illumination 
originating with' the bulb 22 is reflected through the 
lens 34 and " focused along one edge of the 
photodetector array 38 simultaneously with light 
reflected from the image on the subject 14. 

In Fig. 3 of the drawings, the physical organiza- 
tion of the photodetector array; 38 is depicted in 
relation to a single row of pixels reflected from the 
subject 14 and the white patch 48. It should be 
noted with respect to Fig. 3 that while the pixels 
are shown as arranged on a single line, the image 
elements or pixels on the subject, as well as in the 
reflected light image of the subject forwarded by 
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the lens 34,, are randomly distributed in accordance 
with the image information they represent. On the 
other hand, because of, the geometry of the 
photodetector cells in the array 38, the pixels are 
resolved into a series of adjacent linear rows not 

- unlike the single row illustrated in Fig. 3. 

The photodetector array 38 is- similar to that 
-. disclosed.in the afore-mentioned co-pending ap- 
plication in that it is comprised of three photodetec- , 

- tor sets or circuit modules .50,- 52„ and ,54. Each 
module contains sixteen rows 56 of photodetector.. 

-cells. -the rows being oriented .transverse to- the. 
.•; direction -of. image scan; as-represented by the. 

■ arrow 58.- The individual cells in the rows 56 are 

• also arranged to; be aligned as ; columns which 

■ extend parallel, to- the : direction -..of image scan. 
-Although not: illustrated, in Fig. ; 3 : of the drawings. 

• each of the modules 50,. 52 and 54 is covered by a. 
filter (not shown) corresponding : to . the basic red, 
green and blue spectral, regions of visible light. 

^ Specifically,: the - module . :50 . includes a red niter 
-.: which covers all oUhe active ; cells thereof whereas 
the module 52 is exposed through a green filter, 
•v and. the module 54 through, a: -blue filter. Because 
the -photodetector cells. are^mo$t: sensitive to red- 
light and least sensitive to bluejght, the red mod- , 

- uie 50 is covered : with,a mask 60 .leaving only six 
•active ;rows 56-of pho.tpde.tectpr, cells. In the blue 
-module 54rall-stx^ef> xm* >fiP ^active whereas,, 

. aiih the-green module. 52,ra mask 6.1 is again incor- - 

- porated to expose-- only- twelve : aptive rows 56 of 

. photodetector cells. . . -~ * ? •> 

-.-In the illustration of Fig. 3, the. first two columns : 
' --of- photodetector .cells Jn-each module 50, 52 and 
54 .are - stippled -to .delineate them from the other 
.columns- of photodetector- cells. While the stippled 
cells are identical in .all- respects to the other cells, 
• they are delineated because they-, are exposed to 
light reflected -from the white -reference patch 48 
• whereas the other cells are exposed to light re- 
flected from the subject 14. While the first two, cells 
are shown ,as reserved for exposure by light re- 
flected from the; white. patch 48,, it /is contemplated 
that as many as 20 columns of pixels may be used 
for this purpose. Also : in Fig. 3. the final row 57 in 
each module 50, 52 and 54 is delineated by cross- 
hatching and while comprising the same cells as 
the rows 56, is provided with circuitry to be de- 
scribed and by which it functions as a shift register. 
The basic operation and circuity of the 
■ photodetector sets or modules 50, 52 and 54 may 
be appreciated by reference, to Fig. 4 in which a 
vastly enlarged fragment of three detector rows 56 
and a shift register 57 are shown. With the excep- 
tion of the color filter associated with each module 
and the masks 60 and 61 of the. modules 50 and 
52, each of the modules 50, 52 and 54 is iden- 
tically constructed. 



in Fig. 4, the subject 14 is shown as having an 
arbitrary shape extending from one linear edge 14e 
and further includes two rows of two pixels each. 
The pixels are presented as little circles identified 
5 by the legends A1.A2 in the first row, and B1.B2 in 
the second row. A single reference pixel (REF) is 
shown as aligned with the row A1.A2 of image 
pixels and is presented in the light image to which 
"the modules 50, 52 and 54 are exposed by the 
w same, linear increment of light as the image pixels 
in that row: In this respect, while the white refer- 
.ence .patch 48 from which the reference pixel ema- 
^ nates may remain. stationary while the subject 14 is 
.moved, in the scanning path represented by the 
75' arrow' 58, the linear increment of light reflecting a 
specific individual row of image pixels will also 
reflect the reference pixel.. 
.... - In an electronic circuit, context, the rows 56 of 
the photodetector cells in each module 50, 52 and 
20 54 are embodied as registers. In a preferred em- 
bodiment, sixteen of the registers are employed in 
'.''each module' with each register having two thou- 
.'. sand .forty-eight cells capable of light detection. As 
indicated, a shift^register 57 is employed at the 
25 trailing end of each module for extracting signal 
. samples obtained >om the detection of light by 
.cells of., the. respective modules. The' signal sam- 
* pies : are obtairie^Jrom a plurality of the other 
: . sixteen registers 56.. •. . 
.30'. \ .By' "way of example and in the interest of sim- 
plicity, the 'illustration of the circuit module in Fig. 4 
contains a "total of only three registers* 56, each of 
\ .'.'" which has.only.thjr.ee ceils. Inthe uppermost regis- 
ter 56, the cells are identified by the legends J1 , J2 
35 and JR; in the next register 56 the cells, are iden- 
tified by the legends K1, K2 and KR; and in the 
following register the' cells are identified by the 
legends L1, L2 and.LR. These three registers are 
employed for the detection of light. The last of the 
40 registers 57 at the bottom of the array of Fig. 4, 
has cells identified by the legends S1-S3 and is 
employed for extracting signal samples from the 
module. Also included within the circuit module is a 
se.t of gates 62, 64, 66 and 68 which are driven by 
45 the gate driver 42. An amplifier 70 is connected to 
the output terminal of the shift register 57 for 
applying signals put out by the shift register 57 to 
the signal processor 44. 

In operation,. the gate 62 applies a signal via a 
50 line 74 to "activate an electrode assembly (not 
shown) in each of the cells J1. J2, JR to render 
these cells responsive to incident light for detecting 
the light during a sampling interval* of time de- 
signed by an electric pulse signal on the line 74. 
55 Similarly, the gate 64 applies a sample pulse signal 
via a line 76. to activate the corresponding elec- 
trode structures (not shown) of the cells Kl, K 2 and 
KR, and the gate 66 similarly applies, via a line 78, 
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an electric pulse signal to the electrode structures 
of the cells L1, L2 and LR to initiate sampling of 
the incident fight by the cells. Circuitry of the gate 
62 also extends between the first two registers 56 
for transferring charge between a first cell in each 5 
column to a second ceil in each column. Thus 
upon activation of circuitry within, the gate 62, a 
charge in the cell JI is transferred into the cell-KI, 
a charge in the cell J2 is transferred to the cell K2 . 
and a charge in the cell JR is transferred to the-ceii - *. 70; 
KR. In a similar fashion, circuitry of the gate 64 and' . *: 
of the gate 66 provides for further transfer of. the . ' n 
charges among the cells of the Individual columns, 
namely, successive transfers of charge among the : 
cells K1-L1-SI. K2-L2-S2, and KR-LR-S3. Circuits of .75 
the gates 62, 64, 66 and 68 are activated by the . 
driver 42 in response to signals oMhe timing unit 
40. The array of charge-coupled devices or cells of 
the four registers 56; in conjunction with the circuits. - -.. 
of the gates 62/ 64, ' 66 and 68 operate in accor- ...20: 
dance with a gating procedure known as a three- - ■- 
phase gating operation. : ^ 

The aspect of summation for integration of the ; : ; : 
signals obtained from each pixel of the subject; for 
forming the corresponding pixel of the image: .may.vc 25 
be explained with reference to. Fig. 4. Consider the : i 
pixel A1" in the subject 14;* During ^.an early part ot - - - 
the scan/ the pixel- At. reflects, light: of the lamp :22-; ■ 
to be detected by the cell J1. ! ofHhe'bharge-coupled!: vso t q 
device of the register 56. The cell J1 produces -lan'iv ,30 : 
electric charge" proportional to the reflectivity off^^ea 
light from the ^pixef A1. The resulting charge >.pro- ri--.e 
duced in the cell Jt is transferred' by the gate 62 to ^ fj ac 
the cell K1. Subsequently, as- the scanning motion .: 
of the rays of light continue, rays- of light from the ■ 35- 
pixel A1 impinge upon the cell K1. At this point in 
time, the driver 70 activates circuitry of the gate. 64 
to energize the electrodes structure of all of the 
cells of the second register 56, thus enabling the . 
cell K1 to sample the light from the pixel A1 . 40 

-Upon a sampling of light of pixel A1 by celhKl,< 
additional charge is produced. by the cell K1. The • 
total charge now present in the cell K1 is equal to 
the sum of the charges produced, by the detection 
operations of cells J1 and K1. Thereafter, the gate 45 
64 transfers the charge from K1 to the cell L1, this 
beihg followed by a further sampling of light of the 
pixel A1 with the further production of charge to 
produce a total charge accumulation in the cell L1 
equal to the sum of the charges produced by the . 50 
detection of light from the pixel A1 by the cells J1, 
K1 and L1. 

At the time when the cell K1 is being activated • 
to sample light of the pixel A1 ( the cell J1 is being 
activated to sample light of the pixel B1. Therefore, 55 
the sum of charges appearing in cell L1 at the- 
conclusion of three sampling, intervals of the pixel - 
At is succeeded in next sampling interval with a 



sum of the charges from, the sampling of the pixel 
B1. Similar comments apply to the summation of 
pixel signals via the columns-J2-K2-L2 and JR-KR- 
LR. At the conclusion of the sampling of the re- 
*• spective rows of pixels by the third register 56, the 
resultant accumulated charges are transferred by 
•j the gate 66 to the .corresponding cells S1-S3 of the 
shift register '57. Thereupon, the . gate 68 is ac- 
. tivated by the driver 42 in response to timing 
.signals fromJhe timing unit 40 to strobe the cells 
S1-S3^tO:Shift the; charges through the register 57 
• and via .the amplifier 70 . to the signaj processor 44. 
Thus, Ihevaccumulated charge-in cell S3 is trans- 
.ferred out by ^ the.-, amplifier 70, the accumulated 
-■-charge in the ceil S2 is transferred into the cell S3, 
and the .accumulated - charge of the cell S1 is 
• -transferred 'into, the cell S2. Subsequent transfers 
; allow- theb various quantities; of. charge to move 
sequentially^;through,.the cells of the shift register 
■- 57:to..the-.converter 43 and processor 44 for subse- 
■■. quent.-.use in forming the image at the display 46. 
• - The charges- of the shift register 57 are cleared out 
'•.completelyicpripr to. the. next sampling interval, so 
.■■ as j.to:be^neady---to. receive; charges, from the next 
c ■ rowiof pixels.- ; , , :r * ; , ; 

:. ! u:; : Fronrv :the foregoing;, description of the 
photodetecto.r; sets .or module. ( 5P l ^52 and 54 in the 
.^^ i :array^3a:AncbasspQiated ll pirctHtry. ! it will be appre- 
cdated^thabias e^ch-set of rows oforegistete 56 of 
h pho.todetector jcells. isi; scanned -by-:, light reflected 
; from the: subject 14. and. the white-preference patch 
to 48, .digital .signals corresponding ( to the pixels in 
:each row .will -be sent to. the processor 44 sequen- 
tially. Moreover, because.- -the,first two or more cells 
in each row - 56 represent', signals ,. developed by 
light reflected from the white- reference patch 48, 
the individual .signals developed in the cells ex- 
posed to the white reference patch v/ill precede the 
signals developed by cells exposed to the image of 
the subject 14. The manner, in which this sequence 
of signal transfer from the photodetector array 38 
to the processor 44 is used to correct for variations 
. in illumination- originating with the lamp 22 from a 
preestablished normal or reference value may be 
understood by reference to Figs. 5A and 5B of the 
drawings; These figures illustrate in block diagram 
.form, the processor- 44,- an output Jookup table 80, 
a calibration lookup table 82 and a calibration factor 
storage unit 84. The block-diagram illustrations in 
Figs. 5a and 5b, respectfully, are identical with the 
exception of the arrow lines 86 and 88 which, when 
present, indicate the passage- of information be- 
tween the components which they connect during 
different states of t processor operation. Also for 
purposes of facilitating an understanding of the 
present- invention, the processor 44 may be consid- 
ered simply as a multiplier by which data input to a 
port A is multiplied by a value at the port B so that 
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the output of the - processor is the product of the 
two input factors orAxB. 

In Fig. 5A, the processor is conditioned to 
receive the signals originating with each set of 
photodetector celts exposed to light reflected from 
the white reference sample 48: At the time these 
signals are input to the port A of the processor 44, 
port B is fixed at a default setting of unity or one. 
The signal strength of the. -white reference data is 
■processed and assigned a calibration rvalue -(X) . 
corresponding to the signal strength input to the • 
; port A but selected to'lie in a .range from a numeri- 
cal value of less than.one.-and greater than zero.. 
The product of white reference raw data signals - 
thus derived are -output rfrom the processor and - 
sent to the lookup table '82 at : which the reciprocal 
of the numerical value - X of the white reference . 
signal strength valuers derived -and sent to the 
calibration storage unif'84;LThe- operational stata.of 
the circuitry is theh * shifted" to^the condition d:e? 
dieted in Fig. 5B of the drawings 'as the signals, 
input' to the port A Of We processor 44 shift to the 
V'signais developed by photodetector cells in the., 
•same-set but-expdSed'^:lmage*'pix^ls. At the same-c 
time, the calibration factors; previously scorn pu ted' ; 
• and-stored in-the unit 84 are^nput to port B-The 
■'•> processor 44' now -multiplies the.'signals sequenced . 
■* into the -'port * by^ the. calibration--:factor 1/>C.and r 
output's the corrected sign^vaiaes^for presentation - 
of a 'replica of- the' subject-image 14 at the display 
46. This cycle is repeated for each sequence of.' 
signals ' generated by -the exposure of each set .of , 
■ photodetector cell- rows .-or . registers as they : are 

'-scanned :by ?a-1ihe . of' rpix^ls reflected from ;the-- 
- respective white reference patch 48 and the sub- 
ject image 14. " • 

Ifwill be apparent from the described operation 
of components represented in Figs. 5A and 5B that 
any ' variation in the -intensity of light emanating 
■•■ from the source 22 and to which any one of the 
photodetector cell registers 56 is exposed, will be 
accounted for by the - contribution to processing 
calibration of signals developed by that row. More- 
■ over/ because -the 'cells exposed by reflection of 
light from the white reference patch are exposed 
through the same R, G or B filter through which the. 
. image reading cells in the .same row are exposed, 
any fluctuation" in color temperature at the light 
source 22 will be detected and corrected for as a 
variation in intensity of light at the respective R. G 
and B wavelengths. 

• Thus it will be appreciated that as a result of 
the present invention/ the highly effective calibra- 
tion system and method is provided for color im- 
- - -: a ge scanning systems .and - by which -the stated 
objectives, among others, are fully. realized. Also,. it 
will be apparent to those skilled in the art from the 
preceding description and accompanying drawings 



that modifications and/or changes may be made in 
the described embodiment without departure from 
the invention. Accordingly, it is expressly intended 
that the foregoing description and accompanying 
s drawing illustrations are illustrative of a preferred 
embodiment only, not limiting, and that the true 
spirit and scope of the present invention be deter- 
mined by reference to the appended claims. 
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Claims. 



- . .1. In -an image scanning system having a light 
-.. - source and a plurality of photodetector cells ar- 
.75 ranged in at least one set comprising an orthogonal 

.pattern -of plural rows and columns, means for 
." scanning said photodetector cells with image light 

- - originating at said tight source and reflected from a 
.. subject in a direction transverse to said rows, and 

20 . means for operating said: cells so that each row is 
■exposed- to a linear increment of said image light 
the improvement-comprising: 
means- for exposing at least the first cell in each 
row to the full . spectrum of light emanating from 
25 said light source;-.-. 

means for summing signals provided by said de- 
. tectors. lirv each ^column of each set to provide 
; .. column 1 signals -in-aa ordered sequence from the 
first.icolumn-to the last column; ' , 
30 means for processing said first column signal to 
- . obtain a calibration factor representing variation of 
j light value for that detector set emanating from said . 
•.'■o* light source from; a fixed value; and 
V- ,vr means: for. rnultiplying.:said ■ column-signal provided 
' 35 : for each column -of that detector -set succeeding 
said first column signal by said calibration factor. ^ 
2. The image scanning system of claim 1. wherein 
the number of photodetector cells in each row is on 
the order of 2,000 and wherein the number of cells 
■40 in each row exposed to the full spectrum of light 
emanating from said light source is in the range of 
between 1 and 20. 
' 3. The image scanning system of claim 1 , wherein 
said means for exposing the first cell in each row 
45 to the full spectrum of light emanating from said 
source includes a white reference patch aligned 
with the portion of the subject from which light is 
reflected. ;. ; 

4. The image scanning system of claim 1 , wherein 
so said rows of photodetector cells are arranged in 
plural sets so that the cells of each set detect a 
spectral portion of light different from the spectral 
portion of light detected by another bf said sets, 
whereby said calibration factor represents light val- 
-..55 . ue variation in. the respective spectral portions of 
. light to which each row is exposed. 
- 5. The image scanning system of claim 1, wherein 
said calibration factor is of a numerical value great- 
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er than one. 

6. In an image scanning system having a light 
source and a color balanced detector array includ- 
ing plural sets of detectors, each of said detectors 
detecting light from a subject, the detectors of each s 
of said detector sets detecting a spectral portion of 
the light different from the spectral portion of the 
light detected by the detectors of another of said 1 
detector sets; means for scanning light from suc- 
cessive portions of the subject to. said detector sets w 
along a predetermined scanning.- path; and wherein 
each of said detector sets comprises a plurality of 
detectors arranged in rows and' columns, the^cpl-\, ; ~ 
umns being parallel to said scanning path and. the? v 
rows being transverse to said scanning path, eacti";:J„„75 

of said detectors providing a signal in response to- - 

a detection of light; and means synchronized "with * 
said scanning means for triggering said detectors 
to provide their respective signals in synchronism 
with the scanning -along said scanning path; me.ans_ . 20 
for summing signals provided by said detectors in 
each column to provide a column signal .for each 
column of a detector set;. and means for retrieving 
column signals of the. respective detector sefs'to/" ; " 
provide imaging data.-of said subject, the improve^ ~ 25 
ment comprising: 

means for exposing at least the first detector in 
each row of a set to the full spectrum of light 
emanating from said light source; 

means for summing signals provided by said de- 30 
tectors in each column of each set to provide 
column signals in an ordered sequence from the 
first column to the last column; ' 
means for processing said first cofurrin signal of 
each said set to obtain a calibration factor repre- 35 
senting variation of light value emanating from said- 
light source from a fixed value for that set; and. 
means for multiplying each said succeeding col- 
umn signal for that set by said calibration factor. 

7. The image scanning system of claim 6, wherein aq 
said means for exposing at least the first detector ' 

in each row to the full spectrum of light emanating 
from said light source comprises a white reference 
patch adjacent to the subject from which light is 
reflected to the remaining detectors in each row. 45 

8. The detector system of claim 7, in which the 
subject is advanced linearly relative to a fixed band 
of light emanating from said light source and 
wherein said a white reference patch is positioned 
along one side of the subject. 50 

9. The image scanning system of claim 8, wherein 
said white reference patch is fixed in said band of 
illumination. 

10. The method of calibrating the output" of an 
image scanning photodetector array in which 55 
photodetector cells are arranged in at least one set 
comprising rows and columns with the rows ori- 
ented in a direction transverse to the direction of 



scan and in which signals are provided by the 
individual cells in response to exposure by light 
image pixels in turn developed by reflection of 
source light from a subject, said method compris- 
ing the steps of: 

exposing at least the first cell in each row to the full 
spectrum of light emanating from said source light; 
summing signals provided by the cells in each 
column of each set to provide column signals in an 
ordered sequence from the first column to the last 
column. 

processing the first column signal to obtain a cali- 
bration factor representing variation of said source 
light from a predetermined value; and 
multiplying the .column signal provided for each 
Golurnn -succeeding said first column by said cali- 
bration-factor to compensate for variations in light 
origjnating with said source light 



8 



EP 0 415 100 A2 




Rig.'. 2 




LINE VOLTAGE 



9 



EP 0 415 100 A2 




10 



EP 0 415 100 A2 



RGB (RAW DATA) 
(WHITE REF.) 



Fig. 5A 



BRIGHTNESS" ( R ) 
CORRECTION (G) 
FACTORS (B) 




84' 



-BRIGHTNESS - (R) 
'CORRECTION (G) 
• FACTORS (B) 



















•"" ' ■:" / 44.- , . 




80" 










OUTPUT 


^ RGB (RAW DATA) 


A 


A. X 8 




- : (IMAGE) 








. CUT 






, , ; ;- PROCESSOR 












B . ' 




82 














f 88 ■ ' •'\ .1- 


— — : — 


1 

X 










LUT 



11 



THIS PAGE BLANK (uspto) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 415 100 A3 



© 



EUROPEAN PATENT APPLICATION 



© Application number: 90114601.9 
© Date of filing: 30.07.90 

® Priority: 28.08.89 US 398897 

© Date of publication of application: 
06.03.91 Bulletin 91/10 



© Designated Contracting States: 

AT BE CH DE DK ES FR GB GR IT LI LU NL SE 

© Date of deferred publication of the search report: 
10.04.91 Bulletin 91/15 



© Applicant: POLAROID CORPORATION 



© Int. CI. 5 : G03B 27/73 



549 Technology Square 
Cambridge Massachusetts 02139(US) 

© Inventor: Smyth, William K. 
255 Marlboro Road 
Sudbury, MA 01776(US) 

© Representative: Koch, Gunther, Dipl.-lng. et al 
Patentanwalte Dipl.-lng. C. Wallach Dipl.-lng. 
G. Koch, Dr. T. Haibach Dipl.-lng. R. 
Feldkamp Kaufingerstrasse 8 
W-8000 Munchen 2(DE) 



© Calibration system and method for color image scanning. 



CO 
< 



Lf> 
5 



CL 
111 



© A system and method for calibrating signals 
provided by individual cells in a photodetector array 
scanned by light originating at a low-cost variable 
light source and reflected from a subject to be 
replicated in digital form by processing photodetec- 
tor cell signals in a manner so that individual cell 
signals are corrected to compensate for fluctuations 
in source light. The system and method is particu- 
larly applicable to a color balanced photodetector 
array in which individual photodetectors are arranged 
in sets with each set having a variable number of 
rows oriented in a direction transverse to the direc- 
tion of scan and columns parallel to the direction of 
scan. The invention is practiced by exposing the first 
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few photodetectors in each row to the full spectrum 
of visible light reflected from a white reference 
patch. During processing, as the photodetector sig- 
nals are sequentially transferred, to a processor, the 
signals provided by the cells exposed to the white 
reference are compared with a fixed value to obtain 
a calibration factor. As the signals develop by cells 
in the same set but as a result of exposure to light 
reflected from the subject image, those signals are 
multiplied by the calibration factor so that the pro- 
cess signals are corrected for variations in source 
light on a real time basis. 
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